The delta neutrophil index (DNI) is a useful marker for diagnosing and predicting the prognosis of sepsis. The purpose of this study was to investigate the usefulness of DNI as a prognostic marker in patients within the pediatric intensive care unit (PICU), as well as its association with other prognostic factors. Methods: A total of 516 children admitted to Severance Children's Hospital PICU from December 2009 to February 2015 were analyzed. DNI was measured on the day of PICU admission. Mortality was defined as death within 28 days following PICU admission. Results: The median value of DNI was 1.2% (interquartile range [IQR] 0-4.3%) in the survivor group and 9.5% (IQR 2.3-20.8%) in the non-survivor group, and the difference was statistically significant (p < 0.001). DNI was significantly positively correlated with ICU scores such as Pediatric Index of Mortality 3 and Pediatric Risk of Mortality III, as well as with C-reactive protein and lactate levels. The area under the receiver operating characteristic curve of DNI for mortality was 0.748 (95% CI: 0.687-0.808) and the cut-off value was 4.95%.
Introduction
The outcome of critically ill children recovering from life-threatening diseases in intensive care situations has improved owing to advancing diagnostic and therapeutic methods. [1] Clinicians recognized the importance of identifying patients with the highest risk of mortality among those admitted to the pediatric intensive care unit (PICU), and of proper monitoring and appropriate intervention and treatment. They also recognized the need to observe and treat highrisk patients more aggressively, using appropriate indicators to predict mortality.
Many studies of mortality predictors in PICU patients have been performed, and ICU scoring systems such as the pediatric risk of mortality III (PRISM-III), pediatric index of mortality 2 (PIM2), PIM3, and pediatric logistic organ dysfunction have been validated and are being used in clinical practice. [2] [3] [4] [5] In addition, studies on the association between mortality and laboratory biomarkers such as C-reactive protein (CRP), platelet count, procalcitonin, transthyretin and eosinophil count in adult ICU patients cc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. have also been performed. [6] [7] [8] [9] [10] [11] The delta neutrophil index (DNI) is a parameter measured by a specific type of automated blood cell analyzer, the ADVIA2120 Hematology System and reflects circulating immature granulocytes (IGs). [12] The ADVIA 2120
Hematology System is a flow cytometry-based hematologic analyzer comprised of two independent white blood cell (WBC) analysis methods (peroxidase and lobularity/ nuclear density channels). [13, 14] The difference between the leukocyte differentials assayed in the peroxidase channel and those measured in the nuclear lobularity channel is defined as the DNI. [12] In a previous study in adult patients with suspected sepsis, the DNI was helpful in evaluating clinical severity.
[12] In another study, the DNI elevated in patients with sepsis or septic shock and overt disseminated intravascular coagulation (DIC) have been proposed as a marker of disease severity in patients with sepsis. [15] Meanwhile, DNI was suggested as a marker to discriminate adult onset Still's disease from sepsis. [16] IGs are also an indicator of a left shift occurring due to infection, and are a meaningful discriminator the presence of sepsis. It was also reported to be a predictor of infection and positive blood cultures. [17, 18] In a study of infants, an increase in IG was associated with positive blood cultures. [19] There have been some studies on the associations between DNI/IGs and the severity of sepsis, but no research has been conducted on the relationship between these parameters and survival in critical ill children. Therefore, the purpose of this study was to investigate the usefulness of DNI in pediatric patients admitted to the PICU as a predictor of survival and prognosis, in addition to its association with other known prognostic factors.
Materials and Methods

1) Patients and variables
Children under the age of 18 who were admitted to the PICU at Severance Children's Hospital, Seoul, Korea be- 
2) DNI measurement
Blood samples for DNI measurement were obtained by venipuncture or indwelling catheter. They were drawn into ethylene diamine tetra acetic acid-treated tubes and analyzed within 24 h of blood sampling. DNI was measured using an ADVIA2120 Hematology System Youden [24] method was used to select an "optimal" DNI level for predicting mortality. Patients were stratified into two groups according to this optimal level for analyses.
Kaplan-Meier curves were constructed using these strata and compared using log-rank testing. Statistical analyses were performed using SPSS 20 (SPSS, Inc., Chicago, IL, USA) and R software (R version 3.2.4). P-values < 0.05 were considered statistically significant for all analyses.
Results
1) Characteristics of the study population
A total of 516 children were analyzed in this study. Baseline characteristics of the study population, shown in Table 1 , were compared between the survivor and nonsurvivor groups. The DNI was significantly higher in the 
Discussion
We retrospectively analyzed the medical records of 516 children admitted to the PICU during a period of 5 years.
At ICU admission, the median DNI was significantly However, the ATIII level was not significantly different between survivors and non-survivors, although it was weakly correlated with DNI (r = -0.166, p < 0.015). This discrepancy may be due to differences in the study subjects, as previous studies considered only adult patients with clinically suspected or diagnosed sepsis, whereas this study included a heterogeneous sample of pediatric patients and focused on mortality prediction.
In this study, the optimal cut-off value of DNI to predict mortality was 4.95%. In comparison, previous studies on circulating IG level, which is reflected by DNI, proposed a cut-off value of 3% for determining the presence of sepsis. [17, 18] In a report by Park et al. [15] it was suggested that the optimal cut-off value of DNI was 6.5%
to predict sepsis or septic shock, and if the DNI increased by more than 4-6%, careful attention was required to detect possible concomitant DIC and/or sepsis or septic shock in patients with suspected sepsis. One reason that accounts for the difference between the cut-off value in previous studies and ours is that the presence of severe sepsis/septic shock was the primary outcome in previous studies, whereas survival status was our primary outcome.
There are some limitations in the current study. First, this study was a retrospective review of medical records.
Large-scale prospective studies will be helpful in elucidating the role of DNI in reflecting disease severity and predicting mortality. Second, because this study was conducted in a single medical PICU, our conclusions are limited to medical PICU patients and cannot be applied to all ICU patients including surgical problem. Lastly, Further study should include that usefulness and meaning of DNI in subgroup not belong to sepsis or infection.
However, this study is the first study to demonstrate that the DNI can be used as a prognostic marker in a heterogeneous population of critically ill pediatric patients and even in the immunocompromised patients in PICU, unlike previous studies that considered only patients with suspected or diagnosed sepsis. Therefore, we suggest that DNI be considered a new indicator for predicting mortality in PICU patients.
In conclusion, DNI is associated with disease severity and mortality rate, and has the potential to serve as a prognostic marker in PICU patients. 
